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(54) ORGANIC ELECTROLUMINESCENT ELEMENT, ORGANIC THIN FILM, AND THIAMINE 
COMPOUNDS 

(57) The present invention provides a triamine compound represented by general formula (I): 
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an organic luminescence device which comprises an organic layer and a pair of electrodes disposed on both sides of 
the organic layer wherein the organic layer at least contains a layer of a light emitting zone and a layer of a hole trans- 
porting zone which comprises a hole injecting layer containing the triamine compound and a hole transporting layer, 
and an organic thin film comprising two layers which are a layer containing a compound represented by general formula 
(I) and having a thickness of 5 nm to 5 urn and a layer containing a compound. represented by general formula (II): 
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and having a thickness of 5 nm to 5 um. According to the present invention, an organic electroluminescence device 
which has little possibility of dielectric breakdown after storage for a long time and shows a remarkably high efficiency 
of light emission, an organic electroluminescence device which shows a remarkable stability of light emission after con- 
tinuous use for a long time and has a long life, and an organic thin film which shows excellent hole injecting and trans- 
porting properties can be provided. 
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The present invention relates to an organic electroluminescence device, an organic thin film and a triamine com- 

m£ i ^£V*2' Pr6Sent inVenti ° n r6,ateS to a " OT9anic ^luminescence device wtoh VSSi pSsl- 
b.Wy of d,electr,c br^kdown after storage for a long time and shows a remarkably increased efficiency of Hgh emS 

Z^T^lT^^T iS t Vanta9e ° USly UMd for the or9anic electro.uminescencJdev.ee art po- 
sitive films m the electronic photography, and a triamine compound which provides an organic electroluminescence 
dev,ce havng a .ong Irfe and showing an exceilent stabHity of light emission when the triamine compel isTed for ^e 
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BACKGROUND ART 

Electroluminescence devices which utilize the electroluminescence show high self-distinguishabilrty because of the 
self-em.ss.on and are excellent in impact resistance because they are completely solid devices Therefore^ec?o°umi 

z^m attractin9 attention for appiication as ,i9M emitBns d - ices in ^™£*o?ZZ 

The electroluminescence devices include inorganic electroluminescence devices in which an inorganic comoound 
asSot T n9 . m r ateria, • aPd ° r9aniC el ^ ro,u ™escence devices in which an o^S^SJm 
as the hght em.tt.ng mater,al. Organic electroluminescence devices have been extensively studied for practical mrta 

Z VSZfTr? *! T 9eneration because the ■ ppi6d vo,ta9e 030 be decreased to 

itahitmSn^ C °"f urto " * ,h i£ Ban,c Electroluminescence device, the basic construction comprises an anode / a 
nghtem.tt.ng layer / a i cathode. (Th,s description shows that an anode, a light emitting layer, and a cathie arflamJ 
nated .r i this order. Other constructions are described in the same manner.) Constructions hatfng a Se Wert^a and 
transportng layer or an electron injecting and transporting layer suitably added to the b^^S!n^^2Sf 

%HE!L ^ StmC ?: indUde * ^ anode / a hole injecting and transpoS^/^Zt 

em.tt.ng layer /a cathode and the construction of an anode /a hole injecting and transporting layer/ a Hqht Sno laX 
an electran injecting and transporting layer / a cathode. The hole injecting and transporTnXer iSTSTSSSS 

JSSi! T "T* fr ^ the anode t0 the ,ight emMns ,ayer - 7116 

It ^ 9 e,eCtronS injeCted fr0m the cathode to the "9* emitting layer. It has been ta^»Tih£ 

iZ S M d *5 Bp T fc,B ^ iS inSert6d b6tW6en the ,i9W emittin 9 la * er and *e anode TnTe hotefare 
35 caSS SIT , em ' tt,n! ? Ia/er 3 ,0Wer e,eCtriC f ield ' and electrons Nected into the light emitting layer torn *e 
35 cathode or the electron .njecting and transporting layer are accumulated at the interface between tfie hole EST 
transporting layer and the light emitting layer because the hole injecting and transporting SSS e^ 
trans. As the result, efficiency of the light emission is increased transport elec- 

00 ,,nH7« a ! 1 i C J ,eCtr0lUmine f CenCe deviCeS have 3 problem because an u »ra-thin film made of an organic com- 

«. EX^ZtttSSX?*™ de * ces - the thin ,i,m is CTysta,,i2ed to — — * *£SZZr 

Heretofore, in organic electroluminescence devices, a phthalocyanine material is generally used at the interface 
w.th an anode as the hole injecting material. The phthalocyanine material is a pM^S^^^^ 
reT 9 °* 9an lT teria ' S USSd electro,umi "escence devices, and development of a n*?SBSSSS^ 
replace the phthalocyanme material and shows a high degree of amorphous property has been desired 

«n *S "5? P^Oblem • 3 teChn ° l09y USin9 an amine 01 *« dendrimer tyje as th hole injertintmaterial which 

Sn IS^^^JsSfr in 1,16 device has been proposed (the sD ^ ication * ^SSSTSSS 

of m^rfhSS h '. 4(1 ^ 2 >1 08688 >- this technology has a problem that the efficiency of S enSsfon 

itri!. ? , T B "J""' A technol °9y usi "9 an ^anic semiconductor of the oligomer type as the hoTeSna 
^ a 'i aS alS ° been disc,osed specification of European Patent No. 439627) Howeve^lS techno loovTnnt 

k d J^T? ° r9an u ,C e,6CtriC luminesce nce devices have a problem that the luminance of the light emission 

* ic Jll^Z "*? abWB prob,ems - a technology has been disclosed in which the generation of the leak current 

ZZ2£E%22T 7 ne of the dendrimer and *• li9ht emission ™ be maintained ** a 

stabHrty (the specification of Japanese Patent Application Laid-Open No. Heisei 4(1 992J-308688) 

• ^ 0We y e ! , i" h0U9h ^ tecnnol °9y is effective for preventing the short-circuit, the stability of light emission is still 
insufficient for the practical application. y 91 em,ss,on IS stl » 

Accordingly, the present invention has an object of providing an organic electroluminescence device which has little 
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possibility of dielectric breakdown after storage for a long time and shows a remarkably increased efficiency of light 
emission by using a material which is not easily crystallized as the hole injecting material, and an organic thin film which 
shows very excellent hole injecting and transporting properties and is advantageously used for the organic electrolumi- 
nescence device and photosensitive films in the electronic photography. 

The present invention has another object of providing a novel compound which provides an organic electrolumines- 
cence device having a long life and showing an excellent stability of light emission when the novel compound is used 
for the device. 

DISCLOSURE OF THE INVENTION 



As the result of extensive studies to achieve the first object of the present invention described above, it was found 
that an organic electroluminescence device in which a specific triamine is used as the hole injecting material has little 
possibility of dielectric breakdown even after storage for a long time and shows a remarkably high efficiency of light 
emission. It was also found that an organic thin layer comprising two layers which are a layer containing the specific tri- 
rs amine compound and having a specific thickness and a layer containing a specific compound and having a specific 
thickness- exhibits very excellent hole injecting and transporting properties. 

It was also found by the present inventors that a novel triamine having a specific structure containing an aryl group 
is advantageously used for achieving the second object of the present invention described above. 
The present invention has been completed on the basis of the above discoveries. 
20 Accordingly the present invention provides an organic electroluminescence device which comprises an organic 
layer at least comprising a layer of a hole transporting zone and a layer of a light emitting zone and a pair of electrodes 
disposed on both sides of the organic layer, wherein the layer of a hole transporting zone at least comprises a hole 
injecting layer and a hole transporting layer, and the hole injecting layer contains a compound represented by general 
formula (I): 



A r 1 - N ~hQ>— N — - <Q>— N — A r 3 -CI) 
A r 2 A r 6 A r 4 



[wherein Ar 1 to Ar 5 represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or substituted 
with an alky! group, an alkoxy group, vinyl group, or styryl group, and may be the same with each other or different from 

35 each other (the number of core carbon atom means the number of carbon atom forming an aromatic ring among the 
carbon atoms of the aryl group)] and is in contact with an anode. Ar 1 to Ar 5 in general formula (I) preferably represent 
each an aryl group having 6 to 18 carbon atoms which is unsubstituted or substituted with an alkyl group, an alkoxy 
group, vinyl group, or styryl group. 

In the present invention, it is preferred that the hole transporting layer in the electroluminescence device contains 

40 a compound represented by general formula (II): 



45 



A r • -N —\J>— X — <^J>— N — A r • -(ID 
A r 7 A r 9 



[wherein X represents a single bond, methylene group, phenylene group, biphenylene group, — O — , — S — , or a group 
so represented by any of: 

CH, C F , 

-©-•?-€>- -\- -\- 

A r 0 » C H 3 f C F a 
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and Ar 6 to Ar 10 represent each an aryl group having 6 to 18 carbon atoms which is unsubstituted or substituted with an 
alkyl group, an alkoxy group, vinyl group, or styryl group, and may be the same with each other or different from each 
other]. 

The present invention also provides an organic thin film comprising two layers which are a layer containing a com- 
pound represented by general formula (0 and having a thickness of 5 nm to 5 jim and a layer containing a compound 
represented by general formula (II) and having a thickness of 5 nm to 5 jim. 

The present invention further provides a triamine compound represented by general formula (III): 




[wherein Ar 1 to Ar 4 represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or substituted 
with an alkyl group, an alkoxy group, vinyl group, or styryl group and may be the same with each other or different from 
each other, and Ar 5 represents biphenyl group which is unsubstituted or substituted]. In this triamine compound, it is 
preferred that Ar 5 in general formula (III) represents an aryl group represented by: 



( R ) ■ 




[wherein R represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon 
atoms, or phenyl group, n represents an integer of 0 to 5, and when a plurality of R are present the plurality of R may 
be the same with each other or different from each other], and Ar 1 to Ar 4 represent each an aryl group represented by 
any of: 




[wherein R 1 to R 5 represent each hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 
carbon atoms, or phenyl group, m represents an integer of 0 to 5, p represents an integer of 0 to 4, q represents an 
integer of 0 to 5, x represents an integer of 0 to 3, y represents an integer of 0 to 4, and when a plurality of R 1 . R 2 , R 3 , 
R , or R 5 are present, the plurality of R 1 , R 2 , R 3 , R 4 , or R 5 may be the same with each other or different from each 
other]. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a whole chart of the 1 H-NMR spectrum of 4.4 , -bis[N,N-di-(3-toIyl)amino]-4"-phenyl-triphenylamine 
obtained in Example 9. 

Figure 2 shows an enlarged detail of a part of the 1 H-NMR spectrum of 4,4 , -bis[N t N-di-(3-tolyl)amino]-4 M -phenyl- 
triphenylamine obtained in Example 9. 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

The organic electroluminescence device of the present invention comprises an organic layer at least comprising a 
layer of a hole transporting zone and a layer of a light emitting zone, and a pair of electrodes, i.e., an anode and a cath- 
ode, disposed on both sides of the organic layer. 
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Hie! anode in this electroluminescence device is an electrode used for injecting holes into the device. As the anode, 
an electrode made of a material, such as a metal, an alloy, an electrically conductive compound, and a mixture of these 
compounds, which has a large work function (4 eV or more) is preferably used. Specific examples of the material for the 
anode include metals, such as Au, and dielectric transparent materials, such as Cul. ITO, Sn0 2 , and ZnO. The anode 
can be prepared by forming a thin film of the material described above by a method, such as the vapor deposition and 
the sputtering. When the light is obtained through the anode, it is preferred that the transmittance of the anode is larger 
than 1 0 %. It is also preferred that the electric resistance of the sheet as the anode is several hundred Q/o or less. 

The thickness of the anode is selected generally in the range of 500 nm or less, preferably in the range of 1 0 to 200 
nm, although the thickness depends on the used material. 

On the other hand, the cathode is an electrode used for injecting electrons into the device. As the cathode, an elec- 
trode made of a material, such as a metal, an alloy, an electric conductive compound, or a mixture of these compounds, 
which has a small work function (4 eV or less) is used. Specific examples of the material for the cathode include sodium, 
sodium-potassium alloys, magnesium, aluminum, lithium, magnesium/copper mixtures, aluminum-lithium alloys, 
Al/Al 2 0 3 mixtures, indium, and ytterbium. The cathode can be prepared by forming a thin film of the material described 
above by a method, such as the vapor deposition and the sputtering. When the light is obtained through the cathode, it 
is preferred that the transmittance of the cathode is larger than 10 %. It is also preferred that the electric resistance of 
the sheet as the cathode is several hundred O/a or less. The thickness of the cathode is selected generally in the range 
of 500 nm or less, preferably in the range of 10 to 200 nm, although the thickness depends on the used material. 

In the device of the present invention, rt is preferred that at least one of the anode and the cathode is formed with 
a transparent or semi-transparent material. It is enabled by using such a material that the light is efficiently transmitted 
and obtained. 

in the organic electroluminescence device of the present invention, the hole transporting zone means a zone gen- 
erally showing a mobility of holes of 10 " 6 cm 2 /V • s or more when an electric field of 1 0 4 to 1 0 6 V/cm is applied. In the 
present invention, the layer of the hole transporting zone at least comprises a hole injecting layer and a hole transport- 
ing layer. It is necessary that the hole injecting layer contain a compound represented by general formula (I): 

Ar'-N — 0~~ N "^O"" N — A r 3 —CI) 
A r 2 A r 8 A r 4 

as the major component. 

In above general formula (I), Ar 1 to Ar 5 represent each an aryl group having 6 to 18 core carbon atoms, preferably 
an aryl group having 6 to 18 carbon atoms, which is unsubstituted or substituted with an alkyl group, an alkoxy group, 
vinyl group, or styryl group, and may be the same with each other or different from each other. As the alkyl group and 
the alkoxy group, an alkyl group and an alkoxy group, respectively, having 1 to 6 carbon atoms are more preferable, and 
any of a linear, branched, and cyclic groups may be used. Examples of such an alkyl group and an alkoxy group include 
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, t-butyl group, 
various types of pentyl group, various types of hexyl group, cyclopentyl group, cyclohexyl group, methoxy group, ethoxy 
group n-propoxy group, isopropoxy group, n-butoxy group, isobutoxy group, sec-butoxy group, t-butoxy group, various 
types of pentoxy group, various types of hexoxy group, cylclopentoxy group, and cyclohexoxy group. When the aryl 
group having 6 to 18 core carbon atoms is substituted, a single substituent or a plurality of substjtuents may be intro- 
duced into the aromatic ring. The substituents may also be bonded together to form a ring. Examples of the aromatic 
ring in the aromatic group include benzene ring, naphthalene ring, acenaphthene ring, anthracene ring, fluorene ring, 
phenarrthrene ring, pyrene ring, and biphenyl ring. Ar 1 to Ar 5 may be the same with each other or different from each 
other. 

Specific examples of the above compound represented by general formula (f) are shown in Table 1 . 
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Table 1 - 3A 
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Table 1-4B 
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Table 1 - 5A 
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Table 1 - 5B 



10 


compound 


A r 4 


A r • 




H I - 32 


-O v 




15 
20 


H I — 33 




-© 


25 


H I - 34 


-o 




30 


H I -35 

I 




-O 


35 


H I - 36 


-©-©-Me 




40 


H I - 37 




-o 



45 



In the electroluminescence device of the present invention, the hole injecting layer may contain a single type or a 
so combination of a plurality of types of the compound represented by general formula (I). It is necessary for achieving an 
efficient injection of holes that the hole injecting layer contain the compound represented by general formula (I), and it 
is also necessary that the hole injecting layer be disposed in contact with the anode. The thickness of the hole injecting 
layer is generally selected in the range of 5 nm to 5 fim. 

On the other hand, the material used for the hole transporting layer in the electroluminescence device of the 
55 present invention is not particularly limited, and a material for a hole transporting layer which is generally used in elec- 
troluminescence devices can be used. Examples of the material for the hole transporting layer include triazole deriva- 
tives (such as those described in the specification of the United States Patent No. 3,1 12,197), oxadiazole derivatives 
(such as those described in the specification of the United States Patent No. 3,189,447), imidazole derivatives, polyar- 
ylalkane derivatives, pyrazoline derivatives, pyrazolone derivatives, phenylenediamine derivatives, arylamine deriva- 
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tives, amino-substituted chalcone derivatives, oxazole derivatives, styryianthracene derivatives, fluorenone derivatives, 
hydrazone derivatives, stilbene derivatives, silazane derivatives, polysilanes, aniline copolymers, and electrically con- 
ductive polymers (particularly, thiophene oligomers). 

Aromatic tertiary-amine compounds and styrylamine compounds can also be used as the material for the hole 
transporting layer. Representative examples of such compounds include N.N.N^-tetraphneyM^'-diaminophenyl, 
N.N'-diphenyl-N.N'-dKa-methyiphenyO^^'-diaminobiphenyl (TP DA), 2,2-bis(4-di-p-tolylaminophenyl)propane, 1,1- 
bis(4<li-p-tolyIaminophenyl)cyclohexane, N,N,N\NMetra-p-tolyl-4,4'KiiaminobiphenyI, 1,1-bis(4-di-p-tolylaminophe- 
nyl)-4-phenylcyclohexane, bis(4-dimethylamino-2-methylpheny!)phenylmethane, bis(4-di-p-tolylaminophenyl)phenyl- 
methane, N,N , -diphenyI-N I N t <Ji(4-methoxyphenyI)-4,4 , -diaminobiphenyl, N.N.^NMetraphen^-^'-diaminodiphenyl 
ether, 4,4'-bis(diphenylamino)terphenyI, N,N,N-tri(p-tolyl)amine, 4,4'-bis[4-(di-p-to!ylamino)stilbene], 4-N,N-diphe- 
nylamino(2,2-diphenyIvinyI)benzene, 3-methoxy-4*-N,N-diphenyIaminostiIbene, and N-phenylcarbazoIe. 

In the present invention, it is particularly preferred that a layer containing a compound represented by general for- 
mula (II): 



A r 8 — N -<Q>— X HGr~ N — A r 8 -CIO 
A r 7 A r 8 

as the main component is used as the hole transporting layer. An organic electroluminescence device having a still 
higher efficiency of light emission can be obtained by using this layer. 

In general formula (II), X represents a single bond, methylene group, phenylene group, biphenylene group, — O — , 
— S — t or a group represented by any of: 

C H s CF, 
Ar 10 . CH, , CF, 



The positions in phenylene group or biphenylene group through which the phenylene group or the biphenylene group 
is bonded to the adjacent aromatic rings are not particularly limited. It is preferred that the phenylene group and the 
biphenylene group are 1 ,4-phenyIene group and 4,4-biphenylene group, respectively. Ar 6 to Ar 10 represent each an 
aryl group having 6 to 18 core carbon atoms, preferably an aryl group having 6 to 18 carbon atoms, which is unsubsti- 
tuted or substituted with an alkyl group, an alkoxy group, vinyl group, or styryl group, i.e., the same aryl group as that 
represented by Ar 1 to Ar 5 . Ar 6 to Ar 10 may be the same with each other or different from each other. 
Specific examples of the compound represented by general formula (II) are shown in Table 2. 
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In the organic electroluminescence device of the present invention, the hole transporting layer may contain a single 
type or a combination of a plurality of types of the above compound. The thickness of the hole transporting layer is gen- 
erally selected in the range of 5 nm to 5 jim. 

In the organic electroluminescence device of the present invention, the light emitting zone means a zone in which 
a molecule showing luminescence in the solid state is brought into an excited state by directly or indirectly receiving the 
energy generated by recombination of holes and electrons and emits light 

The molecule showing luminescence in the solid state is not particularly limited, and a light emitting material gen- 
erally used for organic electroluminescence devices can be used. As the light emitting material, a material having an 
excellent film-forming property, for example, a luminescent brightening agent, such as a luminescent brightening agent 
of a condensed polycydic aromatic compound, a benzoxazole luminescent brightening agent, a benzothiazole lumines- 
cent brightening agent, and a benzimidazole luminescent brightening agent; a metal-chelated oxanoid compound; or a 
distyrylbenzene compound can be used. Examples of the condensed polycydic aromatic compound include con- 
densed ring light emitting substances having a skeleton of anthracene, naphthalene, phenanthrene, pyrene, chrysene, 
or peiylene. 

As the above luminescent brightening agent, such as a benzoxazole luminescent brightening agent, a benzothia- 
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zole luminescent brightening agent and a benzimidazole luminescent brightening agent, the luminescent brightening 
agents described in the specification of Japanese Patent Application Laid-Open No. Showa 59(1 984)-1 94393 can be 
used. Representative examples of such luminescent brightening agent include benzoxazole luminescent brightening 
agents, such as 2 ( 5-bis(5,7-di-t-pentyl-2-benzoxazoly0-1,3,4-thiadiazole, 4 t 4 , -bis(5,7-t-pentyl-2-benzoxazoly0stilbene I 
4 l 4'-bis(5,7-di-(2-methyl-2-butyl)-2-benzoxazoly0stilbene, 2,5-bis(5 l 7-di-t-pentyl-2-benzoxazoly[)thiophene, 2,5-bis(5- 
(a,a-dimethylbenzyI)-2-benzoxazolyl)thiophene l 2,5-bis(5J^i(2-methyl-2^utyl)-2-benzoxazolyO-3,4-diphenylthi- 
ophene. 2,5-bis(5-methyl-2-benzoxazolyl)thiophene, 4,4 , -bis(2-benzoxazoIyl)biphenyl ( 5-methyl-2-(2-(4-(5-methyl-2- 
benzoxazqlyl)phenyl)vinyl)benzoxazo1e, and 2-(2-(4-chlorophenyl)vinyl)naphtho(1,2-d)oxazoIe; benzothiazole lumines- 
cent brightening agents, such as 2,2'-(p-phenylenedivinylene)-bisbenzothiazole; and benzimidazole luminescent 
brightening agents, such as 2-(2-(4-(2-benzimidazolyi)phenyl)vinyI)benzimidazole and 2-(2-(4-carboxyphe- 
nyl)vinyl)benzimidazoIe. Examples of other compound useful as the light emitting material include the compounds 
described in "Chemistry of Synthetic Dyes" Pages 628 to 637 and 640 (1971). 

As the above metal-chelated oxanoid compound, for example, compounds described in the specification of Japa- 
nese Patent Application Laid-Open No. Showa 63(1938)-295695 can be used. Representative examples of such com- 
pounds include metal complexes of 8-hydroxyquinoline, such as tris(8-quinolinol)aluminum, bis(8- 
quinolinoI)magnesium, bis(benzo(f)-8-quino!inol)zinc, bis(2-methyl-8-quinolinolato)aluminum oxide, tris(8-quinoli- 
nol)indium, tris(5-methyl-8-quinolinol)aluminum, 8-quinolinoIIithium, tris(5-chloro-8-quinolinol)gallium, bis(5-chloro-8- 
quinolinol)calcium, and poly(zinc(II)-bis(8-hydroxy-5-quinolinonyl)methane); and dilrthium epindridione. 

Metal-chelated oxanoid compounds doped with a polycyclic aromatic compound which are described in the speci- 
fications of the United States Patent No. 5,141,671 and the United States Patent No. 5,150,006 can also be used. Spe- 
cific examples of such compounds include metal chelated complexes of 8-hydroxyquinoline, such as bis(2-methyl-8- 
quinolinolato)(phenolato)aIuminum(lll), bis(2-methyl-8-quinoiinolato)(cresolato)aluminum(lll), bis(2-methyl-8-quino- 
Iinolato)(phenyIphenolato)aluminum(tll), bis(2-methyl-8-quinolinolato)(naphtho!ato)aluminum(lll), and bis(2-methyl-8- 
quinilinoIato)aluminum(lll)-^-oxo-bis(2-methyl-8-quinolinolato)aluminum(lll), doped with a polycyclic aromatic com- 
pound, such as perylene and dibenzoperylene. 

As the light emitting compound, other compounds, such as distyrylbenzene derivative described in the specification 
of European Patent No. 0373582, dimethylidene derivatives described in the specification of European Paten No. 
0388768, coumarine derivatives described in the specification of Japanese Patent Application Laid-Open No. Heisei 
2(1990)-191694, distyrylpyrazine derivatives described in the specification of Japanese Patent Application Laid-Open 
No. Heisei 2(1990)-252793, perylene derivatives described in the specification of Japanese Patent Application Laid- 
Open No. Heisei 2(1 990)-1 96885. naphthalene derivatives described in the specification of Japanese Patent Applica- 
tion Laid-Open No. Heisei 2(1990)-255789, phthaloperynone derivatives described in the specifications of Japanese 
Patent Application Laid-Open No. Heisei 2(1990)-289676 and Japanese Patent Application Laid-Open No. Heisei 
2(1990)-88689, styryiamine derivatives described in the specification of Japanese Patent Application Laid-Open No. 
Heisei 2(1 990)-250292, cyclopentadiene derivatives described in the specification of Japanese Patent Application Laid- 
Open No. Heisei 2(1990)-289675, and polypheny! compounds described in the specification of European Patent No. 
387715, can be selected and used in accordance with the color of the light which is desired to be emitted and other 
properties. 

The layer of the light emitting zone comprising the above organic compound may have a laminate structure having 
two or more layers where desired or may be formed by additionally using a fluorescent substance or a polycyclic aro- 
matic compound in such a manner as that described in the specifications of the United States Patent No. 4,769,292 and 
the United States Patent No. 5,141,671. In this case, the above organic compound has a form of a layer of a thin film 
and exhibits the function of injection and a part of the function of light emission which are the functions of the light emit- 
ting zone. The fluorescent substance is present in the thin film of the organic compound in a small amount (several per- 
cent by mol or less) and exhibits a part of the function of light emission by emitting light in response with the 
recombination of electrons and holes. 

The layer of the light emitting zone may be constituted with a single layer comprising one or more types of the light 
emitting material or a laminate of layers of different light emitting materials. 

In the organic luminescence device of the present invention, other layers may be formed between the anode and 
the cathode in addition to the layer of the hole transporting zone and the layer of the light emitting zone which are 
described above, where necessary, for example, to increase the efficiency of injection of electrons from the cathode or 
to improve the adhesion of a layer to the anode. 

In the following, preferable examples of preparation of the organic electroluminescent device of the present inven- 
tion are described. At fist, a thin film comprising a desired electrode material, such as a material for the anode, is formed 
on a suitable substrate to a thickness of 500 nm or less, preferably in the range of 10 to 20 nm, by a method, such as 
the vapor deposition and the sputtering, to prepare an anode. On the prepared anode, thin films comprising materials 
constituting the device, i. e., materials for the hole injecting layer, the hole transporting layer, and the layer of light emit- 
ting zone, are formed. 

As the method of forming the thin films, the spin-coating, the casting, or the vapor deposition can be used. The vac- 
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uum vapor deposition is preferable because a uniform film is easily obtained, and the formation of pin-holes can be pre- 
vented more easily. The condition of the vacuum vapor deposition is different depending on the type of the used 
compound as well as the crystal structure and the association structure which are desired to be formed in the molecular 
deposition film. In general, it is preferred that the conditions are selected in the following range: a temperature of a 
heated boat of 50 to 400°C f a vacuum of 10" 6 to 10* 3 Pa, a rate of vapor deposition of 0.01 to 50 nm/sec, a substrate 
temperature of -50 to 300°C, and a film thickness of 5 nm to 5 jim. 

After these layers have been formed, a thin film comprising a cathode material is formed on the formed layers by a 
method, such as the vapor deposition or the sputtering, to a thickness of 500 nm or less, preferably in the range of 10 
to 200 nm, to form a cathode. Thus, the desired electroluminescence device can be prepared. For the preparation of 
the electroluminescence device, the procedures for the preparation may be conducted in the reversed order. 

The electroluminescence device of the present invention which can be prepared as described above emits light by 
applying a direct voltage of 3 to 40 V in the condition that the anode is connected to a positive electrode (+) and the 
cathode is connected to a negative electrode (-). When the connection is reversed, no electric current is observed and 
no light is emitted at all. When an alternating voltage is applied to the electroluminescence device, light emission is 
observed only in the condition that the polarity of the anode is positive and the polarity of the cathode is negative. When 
an alternating voltage is applied to the organic EL device, any type of wave shape can be used. 

It is preferred that the device of the present invention is supported on a support. The support is not particularly lim- 
ited, and a support conventionally used in organic electroluminescence devices, such as glass, a transparent plastic, 
and quartz, can be used. 

The present invention also provides an organic thin film comprising two layers which are a layer containing a com- 
pound represented by general formula (I) and having a thickness of 5 nm to 5 jim and a layer containing a compound 
represented by general formula (II) and having a thickness of 5 nm to 5 jim. This organic thin film has very excellent 
hole injecting and transporting properties and can advantageously be used for organic electroluminescence devices. 
This organic thin film can also be used widely for other organic devices and photosensitive films in the electronic pho- 
tography. 

This organic thin film can be prepared by the same process as that used for preparation of the hole injection layer 
and the hole transporting layer in the preparation of the above organic electroluminescence device. 

In the following, the novel triamine compound which is another object of the present invention is described. The tri- 
amine compound of the present invention is a compound having a structure represented by general formula (III): 

A r 1 -N —<Q^— N -^Q>— N — A r 3 -(III) 
A r 2 A r 6 A r * 

[wherein Ar 1 to Ar 4 represent each an aryl group having 6 to 1 8 core carbon atoms which is unsubstituted or substituted 
with an alky! group, an alkoxy group, vinyl group, or styryl group and may be the same with each other or different from 
each other, and Ar 5 represents biphenyi group which is unsubstituted or substituted]. 
In above general formula (III), Ar 5 preferably represents an aryl group represented by: 

(R)n 



[wherein R represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon 
atoms, or phenyl group; n represents an integer of 0 to 5; and when a plurality of R are present, the plurality of R may 
be the same with each other or different from each other], and Ar 1 to Ar 4 represent each an aryl group represented by 
any of the general formulae: 
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(R 2 ), (R') q 




(R 




( R ') 




5 



or 



(R 



6 ), 



R 1 to R 5 in the above formulae represent each hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy 
group having 1 to 6 carbon atoms, or phenyl group, m represents an integer of 0 to 5, p represents an integer of 0 to 4, 
q represents an integer of 0 to 5, x represents an integer of 0 to 3 ( and y represents an integer of 0 to 4. When a plurality 
is of R 1 , R 2 R 3 , R 4 or R 5 are present, the plurality of R 1 , R 2 . R 3 , R 4 . or R 5 may be the same with each other or different 
from each other. Ar 1 to Ar 4 may be the same with each other or different from each other. R represents hydrogen, an 
alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, or phenyl group; n represents an 
integer of 0 to 5; and when a plurality of R are present, the plurality of R may be the same with each other or different 
from each other. 

20 The alkyl group having 1 to 6 carbon atoms which is represented by any of R 1 to R and R may be linear, branched, 
or cyclic. Specific examples of the alkyl group having 1 to 6 carbon atoms include methyl group, ethyl group, n-propyl 
group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl group, n-pentyl group, isopentyl group, 
n-hexyl group, isohexyl group, cyclopropyl group, cyclobutyl group, cyclopentyl group, and cyclohexyl group. The alkoxy 
group having 1 to 6 carbon atoms which is represented by any of R 1 to R 5 and R may be linear, branched, or cyclic. 

25 Specific examples of the alkoxy group having 1 to 6 carbon atoms include methoxy group, ethoxy group, n-propoxy 
group, isopropoxy group, n-butoxy group, isobutoxy group, sec-butoxy group, tert-butoxy group, n-pentoxy group, iso- 
pentoxy group, n-hexoxy group, isohexoxy group, cyclopropoxy group, cyclobutoxy group, cyclopentoxy group, and 
cyclohexoxy group. 

Examples of the above triamine compound represented by general formula (III) include the following compounds: 
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In the above formulae, the abbreviations represent groups as follows: Me: methyl group, Et: ethyl group, nPr: n-pro- 
pyl group, iPr: isopropyl group, nBu: n-butyl group, sBu: sec-butyl group, tBu: tert-butyl group, nPe: n-pentyl group, and 
nHex: n-hexyi group. 

The present invention is described in more detail with reference to examples. However, the present invention is not 
55 limited by the examples. 

Example 1 Preparation of HI-3 

(1) Into a 500 ml three-necked flask, 16.5 g of aniline (a product of HIROSHIMA WAKO Co., Ltd.), 50 g of p-fluoron- 
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itrobenzene (a product of HIROSHIMA WAKO Co., Ltd.). 1 g of copper powder, 48.9 g anhydrous potassium car- 
bonate, and 330 ml of DMF (dimethylformamide) were placed, and the reaction was allowed to proceed in the 
resultant mixture at 150°C for 8 hours. 

After the reaction had been completed, the reaction mixture was cooled, and salts were removed from the 
reaction mixture by filtration. The obtained filtrate was poured into 3 liters of water, and the formed crystal in an 
amount of 40 g was separated by filtration. The separated crystal was dissolved into 600 m! of DMF. To the resultant 
solution, 8 g of a 5 % Pd-C was added, and the hydrogenation was conducted under an atmospheric pressure for 
4 hours by bubbling hydrogen gas through the reaction mixture. 

After the reaction had been completed, the Pd-C was removed from the reaction mixture by filtration. The 
obtained filtrate was poured into 4 liters of water, and the precipitated crystal was separated by filtration to obtain 
28 g of 4,4 , -diamino-triphenylamine. 

(2) Into a 300 ml three-necked flask, 1 .0 g of 4,4 , -diamino-triphenylamine obtained above in (1), 4.0 g of 3-iodotol- 
uene (a product of TOKYO KASEI Co., Ltd.), 3 g of anhydrous potassium carbonate, and 1 g of copper powder (a 
product of HIROSHIMA WAKO Co., Ltd.) were placed and then dissolved in 200 ml of dimethylsurfoxide (DMSO). 
The reaction was allowed to proceed in the obtained mixture at 200°C for 8 hours while the mixture was stirred. 

After the reaction had been completed, the reaction mixture was filtered, and the obtained filtrate was extracted 
with methylene chloride. From the obtained extract the solvent was removed by using a rotary evaporator, and the 
residual product was purified by using a column packed with silica-ge! (a product of HIROSHIMA WAKO Co., Ltd.) 
with toluene as the developing solvent to obtain 0.78 g of a light yellow powder. 

This product was identified as 4,4 , -bis[N,N-di(3-toly0amino]triphenylamine (HI-3) by the measurements of NMR 
and FD-MS (field diffusion mass spectrum). 

Example 2 Preparation of HI-16 

The reactions and the purifications were conducted in accordance with the same procedures as those conducted 
in Example 1 except that 4.0 g of 4-iodoanisol (a product of HIROSHIMA WAKO Co., Ltd.) was used in place of 3-iodo- 
toluene used in Example 1 (2), and 0.66 g of a light yellow powder was obtained. 

This product was identified as 4,4'-bis[N,N<li(4-methoxyphenyl)amino]triphenylamine (HI-16) by the measure- 
ments of NMR and FD-MS. 

Example 3 Preparation of HI-35 

(1) Into a 500 ml three-necked flask. 75 g of biphenyl (a product of HIROSHIMA WAKO Co., Ltd.), 19.2 g of ortho- 
periodic acid (a product of HIROSHIMA WAKO Co., Ltd.), 64.3 g of iodine, 230 ml of acetic acid, and 7.6 ml of con- 
centrated sulfuric acid were placed, and the reaction was allowed to proceed in the resultant mixture at 70°C for 2 
hours. 

After the reaction had been finished, the reaction mixture was cooled and then poured into 1 liter of methanol 
while methanol was stirred. The precipitated crystal was separated by filtration and then recrystallized by using 2 
liters of acetonitrile to obtain 7.2 g of 4-iodobiphenyi. 

(2) Then, the reactions and the purifications were conducted in accordance with the same procedures as those 
conducted in Example 1 except that 5.0 g of 4-iodobiphenyi obtained above in (1) was used in place of 3-iodotolu- 
ene used in Example 1 (2), and 0.34 g of a light yellow powder was obtained. 

This product was identified as 4,4 , -bis[N,N-di(dipheno-4-yl)amino]triphenylamine (HI-35) by the measurements of 
NMR and FD-MS. 

Preparation Example 1 Preparation of HT-23 

The reactions and the purifications were conducted in accordance with the same procedures as those conducted 
in Example 1 except that 2.0 g of N.N'-diphenyl^'-benzidine was used in place of 4,4 , -diamino-triphenylamine used 
in Example 1 (2), and 1 .6 g of a white powder was obtained. 

This product was identified as N.N'-bistS-tolyO-N.N'-diphenyl^.^-benzidine (HT-23) by the measurements of NMR 
and FD-MS. 

Preparation Example 2 Preparation of HT-39 

(1) A mixture of 20 g of 4-iodobiphenyl obtained above in Example 3 (1) and 150 m! of acetic acid was heated to 
80°C. and 40 ml of fuming nitric acid was added dropwise to the heated mixture at 75 to 90°C during 2 hours. After 
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the resultant mixture was kept being stirred for 1 hour at this temperature, the mixture was cooled to 50°C, and 200 
ml of methanol was added to the cooled mixture to obtain 11 g of a light yellow crystal after filtration. 

The obtained product was heated with a mixture of 1 .6 g of aniline (a product of HIROSHIMA WAKO Co., Ltd.), 
100 ml of nitrobenzene, 1 g of copper powder, and 10 g of anhydrous potassium carbonate at 200°C, and the reac- 

5* tion was allowed to proceed for 48 hours. The insoluble portion was then removed from the reaction product by fil- 
tration. After the solvent was removed from the filtrate by the vacuum distillation, the residual product was 
recrystallized by using 200 ml of ethanol to obtain 8 g of a crystal. 

The obtained crystal was dissolved in 200 ml of DMF. To the resultant solution, 2 g of a 5 % Pd-C was added, 
and the hydrogenation was conducted under an atmospheric pressure for 4 hours by bubbling hydrogen gas 

10 through the reaction mixture. 

The insoluble portion was removed from the reaction product by filtration, and the obtained filtrate was poured 
into 1 liter of water saturated with sodium chloride. The precipitated crystal was separated by filtration and repre- 
cipitated by using 500 ml of toluene to obtain 5 g of 4,4 , -bis(4-aminophenyl)triphenylamine. 
(2) The reactions and the purifications were conducted in accordance with the same procedures as those con- 

is ducted in Example 1 (2) except that 1.0 g of 4,4 , -bis(4-aminophenyl)triphenylamine obtained above in (1) was used 
in place of 4,4 , -diamino-triphenylamine used in Example 1 (2), and 3.0 g of iodobenzene (a product of HIROSHIMA 
WAKO Co., Ltd.) was used in place of 3-iodotoluene used in Example 1 (2), and 0.31 g of a white powder was 
obtained. 

20 This product was identified as 4 l 4 , -bis[4-(N,N-diphenylamino)phenyf]triphenylamine (HT-39) by the measurements 
of NMR and FD-MS. 

Preparation Example 3 Preparation of DPVBi 

25 (1) To 150 ml of carbon tetrachloride, 10 g of 4,4 , -dimethylbiphenyl (a product of ALDRICH Co.), 20 g of N-bromo- 
succinimide (a product of HIROSHIMA WAKO Co., Ltd.), and 0.9 g of benzoyl peroxide (a product of HIROSHIMA 
WAKO Co., Ltd.) were added, and the reaction was allowed to proceed in the resultant mixture at 90°C for 2 hours 
while the mixture was stirred. 

After the reaction product was cooled, the precipitated crystal was washed with 100 ml of methanol to obtain 

30 13.2 g of 4,4'-dibromomethyI-biphenyl. 

(2) Into a 300 ml three-necked f lask, 1 .0 g of 4,4*-dibromomethyl-biphenyl obtained above in (1), 3.0 g of benzophe- 
none (a product of TOKYO KASEI Co., Ltd.), and 0.50 g of potassium t-butoxide (a product of HIROSHIMA WAKO 
Co., Ltd.) were placed and then dissolved in 150 ml of DMSO. The reaction was allowed to proceed in the resultant 
solution at a room temperature for 2 hours while the solution was stirred. 

35 After the reaction had been completed, the reaction solution was extracted with toluene, and then the solvent 

was removed from the extract by distillation using a rotary evaporator. The residual product was purified by using a 
column packed with silica-gel (a product of HIROSHIMA WAKO Co., Ltd.) with toluene as the developing solvent to 
obtain 1.1 g of a white powder. 

This product was identified as 4,4'-bis(2,2-diphenyl-1-vinyl)-1,1'-biphenyl (DPVBi) by the measurements of 

40 NMR and FD-MS. 

Preparation Example 4 Preparation of MTDATA 

The reactions and the purifications were conducted in accordance with the same procedures as those conducted 
45 in Example 1 (2) except that 1.0 g of 4,4 , ,4"-triiodotriphenylamine was used in place of 3-iodotoluene used in Example 
1 (2), and 1.0 g of N-(3-tolyl)-N-phenylamine (a product of ALDRICH Co.) was used in place of 4,4'-diamino-triphe- 
nylamine used in Example 1 (2), and 0.30 g of a light yellow powder was obtained. 

This product was identified as 4,4 , ,4"-tris[N-(3-tolyl)-N-phenyIamino]triphenylamine (MTDATA) by the measure- 
ments of NMR and FD-MS. 

so 

Preparation Example 5 Preparation of TA-1 

Into a 300 ml three-necked flask, 2.0 g of N,N'-diphenyl-1 ,4-phenylenediamine (a product of KANTO KAGAKU Co., 
Ltd.), 50 ml of 4-fluoronitrobenzene (a product of HIROSHIMA WAKO Co., Ltd.), 5 g of anhydrous potassium carbonate, 
55 and 1 g of copper powder were placed, and the reaction was allowed to proceed in the resultant mixture at 200°C for 8 
hours while the mixture was stirred. 

After the reaction had been completed, the reaction mixture was filtered. The obtained filtrate was extracted with 
methylene chloride, and the solvent was removed from the obtained extract by distillation. The residual product was 
purified by using a column packed with silica-gel (a product of HIROSHIMA WAKO Co., Ltd.) with toluene as the devel- 
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oping solvent 



The obtained product was dissolved in 100 ml of dimetnytformamide (DMF). To the resultant solution, 10 g of a 5 
% by weight Pd-C was added, and the reaction was allowed to proceed in the resultant mixture for 8 hours under a 
hydrogen stream. The reaction mixture was filtered, and the solvent was removed from the obtained filtrate. The resid- 
5 ual product was dissolved in 1 00 ml of iodobenzene (a product of HIROSHIMA WAKO Co., Ltd.). To the obtained solu- 
tion, 10 g of anhydrous potassium carbonate and 1 g of copper powder were added, and the reaction was allowed to 
proceed in the resultant mixture at 200°C for 8 hours. 

After the reaction had been completed, the reaction mixture was filtered. The obtained filtrate was extracted with 
methylene chloride, and the solvent was removed from the obtained extract by using a rotary evaporator. The residual 
10 product was purified by using a column packed with silica-gel with toluene as the developing solvent to obtain 0.24 g of 
a yellow powder. 

This product was identified as N.N'-bis^-CN.N-diphenylaminoJphenyO-N.N'-diphenyl-l^-phenylenediamine (TA-1) 
by the measurements of NMR and FD-MS. 

75 Example 4 

On a glass substrate having the size of 25 mm x 75 mm x 1 .1 mm, an ITO electrode was formed to the thickness 
of 100 nm, and the obtained product was used as the transparent substrate. The prepared transparent substrate was 
cleaned with isopropyl alcohol for 5 minutes by using ultrasonic wave, with pure water for 5 minutes, and finally with iso- 

20 propyl alcohol for 5 minutes by using ultrasonic wave. 

The cleaned transparent substrate was fixed to a substrate holder of a commercial apparatus for vacuum vapor 
deposition (a product of NIPPON SHINKU GIJUTU Co., Ltd.). HI-3 obtained in Example 1 was placed into an electri- 
cally heated boat made of molybdenum, and HT-23 obtained in Preparation Example 1 was placed into another electri- 
cally heated boat made of molybdenum. DPVBi obtained in Preparation Example 3 was placed into still another 

25 electrically heated boat made of molybdenum. The pressure in the vacuum chamber was then reduced to 1x1 0~ 3 Pa. 
On the substrate, HI-3, HT-23, and DPVBi were successively laminated by deposition to the thickness of 60 nm, 23 nm, 
and 40 nm, respectively, by heating the respective boats successively. 

The pressure of the apparatus was then adjusted to an atmospheric pressure, and tris(8-hydroxyquinoline)alumi- 
num (Alq, a product of DOJIN KAGAKU KENKYUSHO Co., Ltd.) was placed in another electrically heated boat made 

30 of molybdenum. Magnesium ribbon was placed in still another electrically heated boat made of molybdenum, and silver 
was placed in a basket made of tungsten. After the pressure in the apparatus was reduced to 2x1 0' 4 Pa, the boat con- 
taining Alq was first electrically heated to deposit Alq on DPVBi to the thickness of 20 nm. Then, magnesium and silver 
were vaporized in such amounts that the ratio by weight of magnesium to silver was 10 : 1 to form a cathode of an alloy 
of magnesium and silver to the thickness of 200 nm. Thus, an organic electroluminescence device was prepared. 

35 A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive electrode 
(+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was brought to emit 
light. The following result was obtained by application of the voltage of 8 V: the density of electric current: 1 .6 mA/cm 2 , 
the luminance: 30 cd/m 2 , and the efficiency of light emission: 0.74 lumen/W. The prepared device showed a high effi- 
ciency. 

40 

Example 5 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 4 except that HI-16 obtained in Example 2 was used in place of HI-3 used in Example 4. 
45 A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive electrode 
(+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was brought to emit 
light The following result was obtained by application of the voltage of 8 V: the density of electric current: 2.0 mA/cm 2 , 
the luminance: 55 cd/m 2 , and the efficiency of light emission: 1.1 lumen/W. The prepared device showed a high effi- 
ciency. 



An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 4 except that HI-35 obtained in Example 3 was used in place of HI-3 used in Example 4. 

A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive electrode 
(+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was brought to emit 
light The following result was obtained by application of the voltage of 8 V: the density of eJectriacurrent 1 .8 mA/cm 2 . 
the luminance: 40 cd/m 2 , and the efficiency of light emission: 0.87 lumen/W. The prepared device showed a high effi- 
ciency. 
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Example 7 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 4 except that HT-39 obtained in Preparation Example 2 was used in place of HT-23 used in Example 4. 

A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive electrode 
(+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was brought to emit 
light The following result was obtained by application of the voltage of 8 V: the density of electric current: 2.1 mA/cm 2 , 
the luminance: 38 cd/m 2 , and the efficiency of light emission: 0.71 lumen/W. The prepared device showed a high effi- 
ciency. 

Comparative Example 1 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 4 except that MTDATA obtained in Preparation Example 4 was used in place of HI-3 used in Example 4. 

A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive electrode 
(+) and the cathode made of the magnesium-sitver alloy to a negative electrode (-). and the device was brought to emit 
light The following result was obtained by application of the voltage of 8 V: the density of electric current: 2.1 mA/cm 2 , 
the luminance: 20 cd/m 2 . and the efficiency of light emission: 0.37 lumen/W. The prepared device showed a low effi- 
ciency. 

MTDATA 




CH, N CH, 

GL 0 ^ 



N N 




Comparative Example 2 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 4 except that HT-23 was not laminated. 

A voltage was applied to the prepared device by connecting the ITO electrode of the prepared device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-). and the device was 
brought to emit light The following result was obtained by application of the voltage of 8 V: the density of electric cur- 
rent: 7.0 mA/cm 2 , the luminance: 6.0 cd/m 2 . and the efficiency of light emission: 0.03 lumen/W. The prepared device 
showed a low efficiency. 

Comparative Example 3 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 4 except that TA-1 obtained in Preparation Example 5 was used in place of HI-3 used in Example 4. 
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A voltage was applied to the prepared device by connecting the ITO electrode of the prepared device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was 
brought to emit light The following result was obtained by application of the voltage of 8 V: the density of electric cur- 
rent: 1.5 mA/cm 2 , the luminance: 7.0 cd/m 2 . and the efficiency of light emission: 0.18 lumen/W. The prepared device 
showed a low efficiency. 

TA-1: 



w 



15 



20 



odd 6 



Comparative Example 4 



An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 4 except that BTBIBT was used in place of HI-3 used in Example 4. and DMOVCH was used in place of HT- 
25 23 used in Example 4. 

A voltage was applied to the prepared device by connecting the ITO electrode of the prepared device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was 
brought to emit light The following result was obtained by application of the voltage of 8 V: the density of electric cur- 
rent: 1.9 mA/cm 2 . the luminance: 17 cd/m 2 , and the efficiency of light emission: 0.35 lumen/W. The prepared device 
30 showed a low efficiency. 



BTBIBT: 



35 



40 DMOVCH: 
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Example 8 

On sin aluminum substrate, an undercoat layer comprising a methoxymethylated nylon (a product of UNITIKA Co.. 
Ltd.; trade name. T-8) was formed to the thickness of 0.1 jim. On the formed undercoat layer, a layer for charge goner- 
s' ation comprising an A-type titanylphthalocyanine and polyvinylbutyral (a product of SEKISUI KAGAKU Co., Ltd.; trade 
name, BX-1) was formed to the thickness of 0.1 jim. On the thus formed layer for charge generation, a hole injecting 
thin film was formed by depositing HI-3 obtained in Example 1 and HT-23 obtained in Preparation Example 1 to the 
thickness of 60 nm and 20 nm, respectively, by the vacuum vapor deposition in accordance with the same procedures 
as those conducted in Example 4. 
10 The property for the electronic photography of this film was evaluated by using a testing apparatus for electrostatic 
recording produced by KAWAGUCHI DENKI Co., Ltd. in the following manner. The film was charged by corona dis- 
charge of -6 kV, and the charge was then attenuated in the dark for 3 seconds. The film was then exposed to white light 
of 5 luxes for 5 seconds, and the time (by second) passed before the surface potential of the film reached 1/2 of the 
initial value was obtained. As the result, the half-life light exposure was found to be 0.4 lux • second. 
75 As shown in the above, the organic thin film of the present invention had a very excellent property for the electronic 
photography. 

As shown in the above results, the organic electroluminescence devices in Comparative Examples 1 to 4 which had 
constitutions based on the conventional technology showed efficiencies of light emission as low as 0.03 to 0.37 
lumen/W; In contrast, as shown in Examples 4 to 7, the organic electroluminescence devices having the constitution of 
20 the present invention showed remarkably increased efficiencies of light emission which were as high as 0.71 to 1.1 
lumen/W. As dearly shown in Example 8, the organic thin film of the present invention showed excellent hole injecting 
and transporting properties. 

Example 9 Preparation of Compound (3) 

25 

(1) Synthesis of 4, 4'-diamino-4 M -phenyl-triphenyIamine 
(Compound A) 

30 Into a 500 ml flask of an egg plant shape, 25 g of 4-aminobiphenyl (a product of ALDRICH Co.), 62.6 g of 4-f luoron- 
itrobenzene (a product of HIROSHIMA WAKO Co., Ltd.), 0.94 g of copper powder, 40.8 g of anhydrous potassium car- 
bonate, and 280 ml of dimethylformamide (DMF; a product of HIROSHIMA WAKO Co., Ltd.) were placed. The resultant 
mixture was heated to 160°C in an oil bath under an argon stream, and the reaction was allowed to proceed in this mix- 
ture at this temperature for 72 hours. After the reaction had been completed, the insoluble portion was removed from 

35 the reaction product by filtration, and DMF was removed from the filtrate by distillation. To the residual product, 1 .5 liters 
of methanol was added, and the resultant mixture was stirred under heating at 60°C. The formed crystal was separated 
by filtration. After this procedure was repeated 4 times, 33.8 g of 4,4*-dinitro-4"-phenyl-triphenylamine was obtained. 

Into a 1 liter flask of an egg plant shape, 4,4'-dinitro-4"-phenyl-triphenylamine obtained above, 500 ml of DMF, and 
6.8 g of a 5 % by weight Pd-C (a product of HIROSHIMA WAKO Co., Ltd.) were placed. Then, hydrogen gas was blown 

40 into the obtained mixture under an atmospheric pressure to allow the hydrogenatton reaction to proceed at a room tem- 
perature. After the reaction had been completed, the catalyst was removed from the reaction product by filtration. The 
resultant reaction solution was poured into 1.5 liters of water, and the precipitated crystal was separated by filtration. 
The obtained crystal was extracted with 1 liter of ethyl acetate. The obtained extract was washed with water and dehy- 
drated with anhydrous magnesium sulfate (a product of HIROSHIMA WAKO Co., Ltd.), and the solvent was removed 

45 from the dehydrated extract to obtain 25 g of the compound of the object: 4,4'-diamino-4"-phenyl-triphenylamine (Com- 
pound A). 

(2) Synthesis of Compound (3) 

so Into a 500 flask of an egg plant shape, 5.01 g of 4,4 , -diamino-4 n -phenyl-triphenyIamine (Compound A) obtained 
above in (1), 25 ml of 3-iodotoluene (a product of HIROSHIMA WAKO Co., Ltd.), 16 g of anhydrous potassium carbon- 
ate, 6 g of copper powder, and 200 ml of dimethylsulfoxide (DMSO; a product of HIROSHIMA WAKO Co., Ltd.) were 
placed, and the reaction was allowed to proceed in the resultant mixture under an argon stream at 180°C for 6 hours. 
After the reaction was completed, the insoluble portion was removed from the reaction product by filtration, and the 

55 obtained filtrate was extracted with 1 liter of methylene chloride. The extract was washed with water and dehydrated 
with anhydrous magnesium sulfate, and the solvent was removed from the dehydrated extract The obtained product 
was purified by using a column packed with activated alumina (a product of HIROSHIMA WAKO Co., Ltd.) to obtain 6.5 
g of a light yellow powder. 

This product was identified as 4,4 , -bis[N,N-di-(3-tolyl)amino]-4 M -phenyl-triphenylamine by the measurements of the 
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field diffusion mass spectrum (FD-MS) and the proton nuclear magnetic resonance spectrum ( 1 H-NMR). The yield was 
63 % (based on Compound A), and the melting point was 180 to 181 °C. 

The whole chart of the 1 H-NMR is shown in Figure 1 , and the enlarged detail of the 1 H-NMR is shown in Figure 2. 

In the measurement of FD-MS of this compound, the main peak was observed at m/z = 71 1 , and this corresponds 
toC 52 H45N3 = 711. 

Example 10 Preparation of Compound (20) 

The same procedures as those conducted in Example 9 were conducted except that 25 m! of 4-iodoanisol (a prod- 
uct of HIROSHIMA WAKO Co., Ltd.) was used in place of 3-iodotoluene used in Example 9 (2), and 5.75 g of 4.4'- 
bistN,N-di(4-anisy0amino]-4"-phenyl-triphenylamine was obtained. The yield was 52 % (based on Compound A), and 
the melting point was 201 °C. 

The result of the measurement of 1 H-NMR of this compound is shown in the following: 

DMSO-d 6 : 5 7.63-7.55 (dd. 4H); 7.44-7.40 (t, 2H), 7.32-7.28 (t. 1H); 7.09-7.06 (d, 2H); 7.04-6.94 (dd, 8H); 
6.81-6.40 (dd, 16H); 3.72 (s. 12H).ppm. 

Example 1 1 Preparation of Compound (36) 

The same procedures as those conducted in Example 9 were conducted except that 35 g of 4-iodobiphenyl 
obtained in Example 3 (1) was used in place of 3-iodotoluene used in Example 9 (2), and 4.65 g of 4,4'-bis[N,N-di- 
(biphenyl)amino]-4 M -phenyi-triphenylamine was obtained. The yield was 34 % (based on Compound A), and the melting 
point was 277°C. 

The result of the measurement of 1 H-NMR of this compound is shown in the following: 

DMSO-d 6 : 8 7.63-7.55 (dd. 20H); 7.45-7.39 (t, 10H), 7.32-7.27 (t. 5H); 7.09-7.06 (d. 10H); 7.04-6.94 (dd, 8H) 
ppm. 



Example 12 Preparation of Compound (43) 

(1) Synthesis of 4 I 4 , -diamino-4 ,, -(4-tolyl)-triphenyIamine 
(Compound B) 

A mixture of 100 g of phenyltoluene (a product of ALDRICH Co.) and 1 liter of acetic acid was heated to 80°C. and 
200 ml of fuming nitric acid was added dropwise to the heated mixture at 75 to 90°C during 2 hours. After the resultant 
mixture was kept being stirred for 1 hour at this temperature, the mixture was cooled to 50°C, and 1 liter of methanol 
was added to the cooled mixture to obtain 47 g of a crystal. The obtained crystal was dissolved in 1 liter of DMF. To the 
resultant solution, 10 g of a 5 % Pd-C was added, and the hydrogenation was conducted under an atmospheric pres- 
sure for 6 hours by bubbling hydrogen gas through the reaction mixture. 

The insoluble portion was then removed from the reaction mixture by filtration, and the obtained filtrate was poured 
into 3 liters of water saturated with sodium chloride. The precipitated crystal was separated by filtration and reprecipi- 
tated by using 500 ml of toluene to obtain 37 g of 4 , -methy!-4-aminobiphenyl. 

Then, the same procedures as those conducted in Example 9 (1) were conducted except that 25 g of 4 , -methyl-4- 
aminobiphenyl obtained in the above was used in place of 4-aminobiphenyI used in Example 9 (1), and 22 g of 4.4- 
diamino-4 w -(4-toIyO-triphenylamine (Compound B) was obtained. 

(2) Synthesis of Compound (43) 



The same procedures as those conducted in Example 9 (2) were conducted except that 5.00 g of Compound B was 
used in place of Compound A used in Example 9 (2), and 25 ml of iodobenzene (a product of HIROSHIMA WAKO Co., 
Ltd.) was used in place of 3-iodotoluene used in Example 9 (2). and 6.24 g of 4,4 , -bis(N,N-diphenylamino)-4"-(4- 
tolyJ)triphenylamine was obtained. The yield was 68 % (based on Compound B), and the melting point was 1 71 °C. 

The result of the measurement of 1 H-NMR of this compound is shown in the following: 

DMSO-d 6 : 6 7.63-7.55 (dd, 4H); 7.53-6.81 (m, 20H), 7.11-7.03 (dd, 4H); 7.04-6.94 (dd, 8H); 2.28 (s, 3H) ppm. 
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Example 13 Preparation of Compound (57) 

* 

(1) Synthesis of A.^-diamino^M^-an'syO-triphenylamine 
5 * (Compound C) 

A mixture of 100 g of 4-phenylanisole (a product of ALDRICH Co.) and 1 liter of acetic acid was heated to 80°C, 
and 200 mi of fuming nitric acid was added dropwise to the heated mixture at 75 to 90°C during 2 hours. After the result- 
ant mixture was kept being stirred for 1 hour at this temperature, the mixture was cooled to 50°C, and 1 liter of methanol 
w was added to the cooled mixture to obtain 51 g of a crystal. 

The obtained crystal was dissolved in 1 liter of DMF. To the resultant solution, 10 g of a 5 % Pd-C was added, and 
the hydrogenation was conducted under an atmospheric pressure for 6 hours by bubbling hydrogen gas through the 
reaction mixture. 

The insoluble portion was removed from the reaction mixture by filtration, and the obtained filtrate was poured into 
is 3 liters of water saturated with sodium chloride. The precipitated crystal was separated by filtration and reprecipitated 
by using 500 ml of toluene to obtain 41 g of 4'-methoxy-4-aminobiphenyl. 

Then, the same procedures as those conducted in Example 9 (1) were conducted except that 25 g of 4-methoxy- 
4-aminobiphenyl obtained in the above was used in place of 4-aminobiphenyl used in Example 9 (1), and 23 g of 4,4- 
diamino-4 w -(4-anisyO-triphenyIamine (Compound C) was obtained. 

20 

(2) Synthesis of Compound (57) 

The same procedures as those conducted in Example 9 (2) were conducted except that 5.00 g of Compound C was 
used in place of Compound A used in Example 9 (2), and 25 ml of iodobenzene was used in place of 3-iodotoluene 
25 used in Example 9 (2), and 5.58 g of 4.4 , -bis(N,N-diphenylamino)-4 M -(4-anisyl)-triphenylamine was obtained. The yield 
was 62 % (based on Compound C), and the melting point was 177°C. 

The result of the measurement of 1 H-NMR of this compound is shown in the following: 

DMSO-d 6 : 8 7.62-7.55 (dd, 4H); 7.53-6.80 (m. 20H), 7.12-7.02 (dd, 4H); 7.03-6.94 (dd, 8H); 3.70 (s, 3H) ppm. 

30 

Example 14 Preparation of Compound (70) 

(1) Synthesis of 4,4 , -diamino-4 M -biphenyi-triphenyIamine 
35 (Compound D) 

The same procedures as those conducted in Example 9 (1) were conducted except that 25 g of 4-aminoterphenyI 
(a product of TOKYO KASEI Co., Ltd.) was used in place of 4-aminobiphenyl used in Example 9 (1), and 14 g of 4,4*- 
diamino-4 w -bipheny1-triphenylamine (Compound D) was obtained. 

40 

(2) Preparation of Compound (70) 

The same procedures as those conducted in Example 9 (2) were conducted except that 5.00 g of Compound D was 
used in place of Compound A used in Example 9 (2), and 25 m! of iodobenzene was used in place of 3-iodotoluene 
45 used in Example 9 (2), and 3.21 g of 4,4 , -bis(N,N-diphenylamino)-4"-biphenyi-triphenylamine was obtained. The yield 
was 38 % (based on Compound D), and the melting point was 178°C. 

The result of the measurement of 1 H-NMR of this compound is shown in the following: 

DMSO-d 6 : 6 7.62-7.55 (dd, 4H); 7.52-6.81 (m, 20H), 7.42-7.38 (t,2H); 7.31-7.27 (t, 1H); 7.08-7.00 (dd, 4H); 
so 7.09-7.06 (dd, 4H); 7.04-6.94 (dd, 8H) ppm. 

Example 15 Preparation of an organic electroluminescence device by using Compound (3) 

On a glass substrate having the size of 25 mm x 75 mm x 1 .1 mm, an ITO (indium tin oxides) electrode was formed 
55 to the thickness of 100 nm, and the obtained product was used as the transparent substrate. The prepared transparent 
substrate was cleaned with isopropyl alcohol for 5 minutes by using ultrasonic wave, with pure water for 5 minutes, and 
finally with isopropyl alcohol for 5 minutes by using ultrasonic wave. 

The cleaned transparent substrate was fixed to a substrate holder of a commercial apparatus for vacuum vapor 
deposition (a product of NIPPON SHINKU GUUTU Co., Ltd.). Into 5 electrically heated boats made of molybdenum, the 
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following compounds were separately placed: 500 mg of Compound (3). 200 mg of N,N'-diphenyl-N,N'-bis(3-methyl- 
phenyl)-[1,r-bipheny0^,4*-diamine (TPD), 200 mg of 4 ( 4 , -bis(2,2<liphenylvinyl)biphenyl (DPVBi), 200 mg of 4.4 f -bis[2- 
{4-(N,N-diphenylamino)phenyQvinyl]biphenyi (DPAVBi), and 100 mg of tris(8-hydroxyquinoline)a!uminum (Alq). 

After the pressure in the apparatus was reduced to 2x1c 4 Pa, the boat containing Compound (3) was heated to 
deposit Compound (3) on the substrate, and a hole injecting layer having the thickness of 60 nm was formed. Then, the 
boat containing TPD was heated to vaporize TPD, and a hole transporting layer having the thickness of 40 nm was 
formed. As the next step, the boats containing DPVBi and DPAVBi were simultaneously heated to vaporize DPVBi and 
DPAVBi, and a mixed light emitting layer having the thickness of 40 nm was formed by the vapor deposition on the hole 
transporting layer [the ratio of the two mixed components was as follows: DPVBi : DPAVBi = 40 : 1 (ratio by weight)]. As 
the final step, the boat containing Alq was heated to deposit Alq on the light emitting layer, and an electron injecting 
layer having the thickness of 20 nm was formed. 

Then, the product obtained above was taken out of the vacuum chamber, and a mask made of stainless steel was 
placed on the above electron injecting layer. The combined product was fixed again to the substrate holder. Into a bas- 
ket made of tungsten, 0.5 g of silver wire was placed, and 1 g of magnesium ribbon was placed into another boat made 
of tungsten. The pressure in the vacuum chamber was then reduced to 1x10" 4 Pa, and magnesium and silver were 
vapor deposited simultaneously at the rates of vapor deposition of 1 .8 nm/sec and 0.1 nm/sec, respectively, to prepare 
a mixed electrode of magnesium and silver. 

The voltage of 8 V was applied to the obtained device by connecting the TO electrode of the prepared device to a 
positive electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-) to test emission 
of light, and a uniform light of blue color was obtained. The following initial properties were obtained by application of 
the voltage of 8 V: the density of electric current: 3.9 mA/cm 2 , the luminance: 1 70 od/m 2 , and the efficiency of light emis- 
sion: 1.71 lumen/W. When the initial luminance was adjusted to 100 cd/m 2 , and the device was continuously driven at 
a constant electric current under a dry nitrogen, the half-life time (the time before the luminance reaches one half of the 
initial value) was found to be 1500 hours. 

Comparative Example 5 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 15 except that 4 ( 4',4"-tris(3-methyiphenyIphenylamino)triphenylamine (MTDATA, the compound described 
in the spedf ication of Japanese Patent Application Laid-Open No. Heisei 4(1 992)-308688) was used for the hole inject- 
ing layer in place of Compound (3) used in Example 15. 

The voltage of 8 V was applied to the obtained device in accordance with the same method as that used in Example 
15 to test emission of light, and a uniform light of blue color was obtained. The following initial properties were obtained 
by application of the voltage of 8 V: the density of electric current: 4.0 mA/cm 2 . the luminance: 140 cd/m 2 , and the effi- 
ciency of light emission: 1 .37 lumen/W. When the initial luminance was adjusted to 1 00 cd/m 2 , and the device was con- 
tinuously driven at a constant electric current under a dry nitrogen, the half-life time was found to be 800 hours. This 
device had a life clearly inferior to that of the device prepared in Example 15. 



An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 15 except that Compound (20) was used in place of Compound (3) used in Example 15. 

The test of emission of light was conducted in accordance with the same method as that used in Example 1 5, and 
the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 4.2 
mA/cm 2 , the luminance: 172 cd/m 2 , and the efficiency of light emission: 1.61 lumen/W. When the initial luminance was 
adjusted to 100 cd/m 2 , and the device was continuously driven at a constant electric current under a dry nitrogen, the 
half -life time was found to be 1 300 hours. 



An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 15 except that Compound (36) was used in place of Compound (3) used in Example 15. 

The test of emission of light was conducted in accordance with the same method as that used in Example 15. and 
the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 4.0 
mA/cm 2 . the luminance: 168 cd/m 2 , and the efficiency of light emission: 1.65 lumen/W When the initial luminance was 
adjusted to 100 cd/m 2 , and the device was continuously driven at a constant electric current under a dry nitrogen, the 
half -fife time was found to be 1400 hours. 



Example 16 



Example 17 



64 



10 



20 



30 



EP 0 805 143 A1 

Example. 18 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 15 except that Compound (43) was used in place of Compound (3) used in Example 15. 

The test of emission of light was conducted in accordance with the same method as that used in Example 15, and 
the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 4.0 
mA/cm 2 , the luminance: 170 cd/m 2 , and the efficiency of light emission: 1.71 lumen/W. When the initial luminance was 
adjusted to 100 cd/m 2 , and the device was continuously driven at a constant electric current under a dry nitrogen, the 
half-life time was found to be 1500 hours. 

Example 19 

An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 15 except that Compound (57) was used in place of Compound (3) used in Example 15. 
75 The test of emission of light was conducted in accordance with the same method as that used in Example 15, and 
the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 4.1 
mA/cm 2 , the luminance: 167 cd/m 2 , and the efficiency of light emission: 1 .60 lumen/W. When the initial luminance was 
adjusted fo 100 cd/m 2 , and the device was continuously driven at a constant electric current under a dry nitrogen, the 
half-life time was found to be 1400 hours. 



Example 20 



An organic electroluminescence device was prepared in accordance with the same procedures as those conducted 
in Example 1 5 except that Compound (70) was used in place of Compound (3) used in Example 1 5. 
25 The test of emission of light was conducted in accordance with the same method as that used in Example 15, and 
the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 3.9 
mA/cm 2 , the luminance: 157 cd/m 2 , and the efficiency of light emission: 1.58 lumen/W. When the initial luminance was 
adjusted to 100 cd/m 2 , and the device was continuously driven at a constant electric current under a dry nitrogen, the 
half -life time was found to be 1300 hours. 



INDUSTRIAL APPLICABILITY 



As described in the above, the organic electroluminescence device of the present invention has little possibility of 
dielectric breakdown after storage for a long time, shows a remarkably high efficiency of light emission, and is advan- 
35 tageously used as a light emitting device in various types of display apparatus. 

The thin film of the present invention shows very excellent hole injecting and transporting properties and is advan- 
tageously used for organic electroluminescence devices as well as other organic devices and photosensitive films in the 
electronic photography. 

The triamine compound of the present invention is a novel compound and provides an organic electroluminescence 
40 device having a long life and showing an excellent stability of light emission when the triamine compound is used for the 
device. 

Claims 

45 1. An organic electroluminescence device which comprises an organic layer at least comprising a layer of a hole 
transporting zone and a layer of a light emitting zone and a pair of electrodes disposed on both sides of the organic 
layer, wherein the layer of a hole transporting zone at least comprises a hole injecting layer and a hole transporting 
layer, and the hole injecting layer contains a compound represented by general formula (I): 



A r 1 — N — N — N — A r 3 -(l) 
A r * A r 6 A r 4 

[wherein Ar 1 to Ar 5 represent each an aryl group having 6 to 18 core carbon atoms which is unsubsthuted or sub- 
stituted with an alkyl group, an alkoxy group, vinyl group, or styryl group, and may be the same with each other or 
different from each other] and is in contact with an anode. 
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2. An organic electroluminescence device according to Claim 1. wherein Ar 1 to Ar 5 in general formula (I) represent 
each an aryl group having 6 to 18 carbon atoms which is unsubstituted or substituted with an alkyl group, an aJkoxy 
group, vinyl group, or styryi group. 

s 3. An organic electroluminescence device according to Claim 1 , wherein the hole transporting layer contains a com- 
pound represented by general formula (II): 



10 



A r • — N — %Sy — X N — A r • -(II) 

A r 7 A r • 



[wherein X represents a single bond, methylene group, phenylene group, biphenylene group, — O — , — S — , or a 
r5 group represented by any of: 

CH, CF, 

I 

20 




25 



30 4. 



N^y>- -c- -c- 

Ar 10 , CH, . CF 3 



and Ar 6 to Ar 10 represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or substi- 
tuted with an alkyl group, an alkoxy group, vinyl group, or styryi group, and may be the same with each other or dif- 
ferent from each other]. 

An organic electroluminescence device according to Claim 3, wherein Ar 6 to Ar 10 in general formula (II) represent 
each an aryl group having 6 to 18 carbon atoms which is unsubstituted or substituted with an alkyl group, an alkoxy 
group, vinyl group, or styryi group. 



5. An organic electroluminescence device according to Claim 1, wherein the hole injecting layer and the hole trans- 
35 porting layer have each a thickness of 5 nm to 5 um 

6. An organic electroluminescence device according to Claim 3, wherein the hole injecting layer and the hole trans- 
porting layer have each a thickness of 5 nm to 5 urn 

40 7. An organic thin film comprising two layers which are a layer containing a compound represented by general formula 
(I) and having a thickness of 5 nm to 5 ^m and a layer containing a compound represented by general formula (II) 
and having a thickness of 5 nm to 5 jim. 



8. A triamine compound represented by general formula (III): 



45 



50 



Ar ' "7 ~%J^ N -HQK N — Ar > ...(Hi) 
A r 2 A r 6 A r 4 



[wherein Ar 1 to Ar 4 represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or sub- 
stituted with an alkyl group, an alkoxy group, vinyl group, or styryi group and may be the same with each other or 
different from each other, and Ar 5 represents bipheny! group which is unsubstituted or substituted]. 

9. A triamine compound according to Claim 8, wherein Ar 5 in general formula (III) represents, an aryl group repre- 
sented by: 
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( R ) « 




[wherein R represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon 
atoms, or phenyl group, n represents an integer of 0 to 5, and when a plurality of R are present, the plurality of R 
may be the same with each other or different from each other], and Ar 1 to Ar 4 represent each an aryl group repre- 
sented by any of: 



[wherein R 1 to R 5 represent each hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 
to 6 carbon atoms, or phenyl group, m represents an integer of 0 to 5, p represents an integer of 0 to 4, q represents 
an integer of 0 to 5, x represents an integer of 0 to 3, y represents an integer of 0 to 4, and when a plurality of R 1 , 
R 2 , R 3 , R 4 , or R 5 are present, the plurality of R\ R 2 , R 3 R 4 or R 5 may be the same with each other or different 
from each other]. 
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